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ABSTRACT
The supernova remnant hypothesis for the origin of Galactic cosmic rays has passed
several tests, but the firm identification of a supernova remnant pevatron, considered to
be a decisive step to prove the hypothesis, is still missing. While a lot of hope has been
placed in next–generation instruments operating in the multi–TeV range, it is possible
that current gamma–ray instruments, operating in the TeV range, could pinpoint these
objects or, most likely, identify a number of promising targets for instruments of next
generation. Starting from the assumption that supernova remnants are indeed the
sources of Galactic cosmic rays, and therefore must be pevatrons for some fraction of
their lifetime, we investigate the ability of current instruments to detect such objects,
or to identify the most promising candidates.
Key words: cosmic rays – gamma rays – ISM: supernova remnants.
1 INTRODUCTION
Supernova remnants (SNRs) are by far viewed as the most
probable sources of Galactic cosmic rays (CRs). The require-
ments for a potential candidate to be the source of Galactic
CRs are imposed by CR measurements. Amongst the most
essential constraints imposed by this hypothesis, one can
mention four of them: the observed level of CRs at the Earth,
the CR lifetime in the Galaxy, the remarkably broad power–
law energy spectrum, and the extension of this power–law
spectrum up to an energy of ∼ PeV, called the knee (An-
toni et al. 2005; Bartoli et al. 2015), where the power–law
spectrum breaks. Thus, if SNRs are the sources of Galac-
tic CRs, they have to be able to meet these four essential
requirements.
The observed intensity of CRs and their estimated life-
time in the Galaxy are compatible with the SNR hypothesis,
provided that a fraction ≈ 10% of the total explosion energy
of the supernova progenitor is converted into CRs. Moreover,
the observed power–law spectrum of CRs can be explained
by the Diffusive Shock Acceleration mechanisms (Blandford
& Ostriker 1978; Bell 1978).
The last requirement, i.e., imposing that SNRs must be
able to accelerate particles up to the knee, can also be met
provided that efficient magnetic field amplification happens
at SNR shocks (Bell 2004; Drury & Downes 2012). For more
references, see e.g. Gabici et al. (2016). In this hypothesis,
? pc2781@columbia.edu
SNRs thus have to be pevatrons for some time in their life-
time. At this stage, no detection of a SNR pevatron has been
reported, but the search for such objects is strongly moti-
vated as it would constitute major evidence in favor of the
SNR hypothesis.
The recent detection of a pevatron located in the galac-
tic centre by the H.E.S.S. Collaboration (HESS Collabo-
ration et al. 2016) triggered a widespread discussion in
the community (see e.g. Gaggero et al. 2017; Jouvin et al.
2017). Remarkably, it demonstrates the feasibility of peva-
tron searches in the TeV sky, and suggests that sources other
than SNRs might also accelerate PeV CRs in the Galaxy.
The observations of several SNRs in the TeV gamma–
ray range have provided evidence that efficient particle accel-
eration is happening at SNRs shocks. Indeed, the production
of gamma rays in this range can be explained by two types
of interactions. One the one hand, accelerated protons can
interact with protons of the interstellar medium, and these
hadronic interactions can produce gamma rays through pion
decay. On the other hand, accelerated electrons can scatter
off photons of the Cosmic Microwave Background, or other
soft photon fields from stellar emission or dust, and these
leptonic interactions, referred to as Inverse Compton Scat-
tering, can produce gamma rays. Because of these two com-
peting mechanisms, it is in most cases difficult to draw firm
conclusions regarding the mechanism involved in the pro-
duction of gamma rays in the TeV range (see e.g. Gaggero
et al. 2018, and references therein).
It is, however, noteworthy that in the multi–TeV energy
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domain, the situation becomes clearer. Because of the Klein–
Nishina suppression of the cross section for inverse Comp-
ton scattering, the production of gamma rays via leptonic
mechanisms becomes insignificant at energies above tens of
TeV. Therefore, the detection of a gamma-ray spectrum ex-
tending without any attenuation up to the multi–TeV range
constitutes a proof for hadronic interactions (e.g. Gabici &
Aharonian 2007; HESS Collaboration et al. 2016).
In light of this fact, we propose in this article a study
of the expected characteristics (e.g. flux, spectrum, angu-
lar size, etc.) that SNR pevatrons would exhibit when ob-
served in the TeV and multi–TeV range by current instru-
ments. Starting from the assumption that SNRs are the
sources of Galactic CRs, and using Monte–Carlo simula-
tions, we perform a population study for these objects.
This will then give the expected number of SNR PeVatrons
among the sources detected in the H.E.S.S. Galactic Plane
Survey (Donath et al. 2017). We will also discuss the role
of multi-wavelength observations (especially in the X-ray
band), and of present and future facilities such as HAWC
(www.hawc-observatory.org) and the Cherenkov Telescope
Array (CTA, www.cta-observatory.org).
It has to be stressed that the detection of a SNR PeVa-
tron by a given telescope operating in the TeV or multi-TeV
domain would not necessarily imply that the detected object
is indeed recognized as a PeVatron. This is because the low
photon statistics in the multi-TeV domain might prevent an
accurate reconstruction of the shape of the parent CR spec-
trum up to PeV particle energies. Therefore the main goal
of this paper is to identify the observational properties that
a SNR PeVatron would exhibit when observed by currently
operating gamma-ray instruments.
In this work, we rely on the approach presented
in Cristofari et al. (2013, 2017). In Sec. 2, we briefly de-
scribe the approach and the differences with the previously
cited articles. Our results are presented in Sec. 3 and we
summarize our work in Sec. 4.
2 A MONTE CARLO APPROACH
The procedure used in this work was presented in Cristo-
fari et al. (2013, 2017). We refer the reader to these papers
for a more detailed description. In this approach, we be-
gin by simulating the age and location of supernovae in the
Galaxy, assuming a typical rate νSN = 3/century (see e.g.
Li et al. 2011, and references therein) and a spatial distri-
bution based on the description of Yusifov & Ku¨c¸u¨k (2004)
and Lorimer (2004).
The evolution of each simulated SNR is then computed
following the description provided by Chevalier (1982),
Ptuskin & Zirakashvili (2005), Ostriker & McKee (1995),
and Bisnovatyi–Kogan & Silich (1995). Following the ap-
proach of Ptuskin & Zirakashvili (2005), we then com-
pute the spectrum of accelerated protons and electrons,
and finally the gamma–ray luminosity from each SNR shell
(Cristofari et al. 2013, 2017). The gas density at the lo-
cation of the simulated SNRs is taken from Nakanishi &
Sofue (2003) and Nakanishi & Sofue (2006) for atomic and
molecular hydrogen, respectively. The two crucial assump-
tions made here are: i) protons and electrons are accelerated
at the shock with a power–law spectrum f(p) ∝ p−α, with p
Type E51 Mej, M˙−5 uw,6 Rel. rate
Ia 1 1.4 – – 0.32
II 1 5 1 1 0.68
Table 1. Supernova parameters adopted: progenitor Type, ex-
plosion energy in units of 1051 erg, mass of ejecta in solar masses,
wind mass loss rate in M/yr, wind speed in units of 10 km/s,
and relative explosion rate. Values from Ptuskin et al. (2010).
the momentum of a given particle, ii) a fraction ξCR ∼ 0.1
of the shock ram pressure is transferred into CRs. We com-
puted 103 realizations of the Galaxy, a number sufficient
to study the average properties of the pevatron population.
In the following, two Types of SN progenitors are consid-
ered: thermonuclear (Type Ia) with a relative rate of ap-
pearance of 0.32 and core–collapse (all other Types) with
relative rate 0.68 (see e.g. Ptuskin et al. 2010). The typical
parameters assumed for these two Types of progenitors are
summarized in Table 1.
A central assumption done in this paper is that all SNRs
are pevatrons at some stage of their evolution and that they
are the sources of the CRs observed in the region of the knee,
featured at an energy Eknee ≈ 1 PeV. In order to reproduce
the knee feature observed in the CR spectrum we have to im-
pose that SNRs accelerate protons up to the energy Eknee at
the transition between the free expansion and Sedov phase
of their evolution, as illustrated in Fig. 1. Such a scenario
challenges current theoretical models (see e.g. Schure & Bell
2013), and is not easily testable by means of gamma-ray
observations, mainly due to the poor photon statistics ob-
tained in gamma-ray observations of SNRs in the multi-TeV
band. For these reasons, our approach is purely phenomeno-
logical, and in the following we simply impose that SNRs
can explain the CRs observed at the energy of the knee: CR
protons of energy Eknee escape the SNR at the transition
between the free-expansion and Sedov phases.
The evolution of the maximum energy of accelerated
particles at a SNR shock is computed assuming that parti-
cles escape once their diffusion length equals a fraction ζesc
of the shock radius, i.e. Emax ∝ ushBRsh, where B is the
magnetic field at the shock, ush and Rsh the velocity and
radius of the shock. Imposing 1 PeV at the transition be-
tween SP and EP amounts to making the assumption of
efficient magnetic field amplification at the shock. For the
interstellar medium parameters reported in Table 1 and for
Eknee = 1 PeV (see Fig. 1), the magnetic field upstream
of the shock at the transition between FE and SP reaches
≈ 100 (ζesc/0.1)−1µG and ≈ 220 (ζesc/0.1)−1µG for Type
Ia and II respectively. These somewhat extreme values re-
flect the fact that it is difficult to accelerate PeV particles
at SNR shocks, but they are indeed required to boost the
energy of CR protons up to the PeV domain.
Different measurements of the position of the knee in
the proton spoectrum of CRs have pointed to values in the
range [700 TeV – 3 PeV] (Antoni et al. 2005; Bartoli et al.
2015). We will further discuss the implications that values
in this range might have.
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Figure 1. Maximum energy of particles accelerated at the SNR
shock. The red (solid) line corresponds to Type Ia progenitors
and the blue (dashed) line corresponds to Type II progenitors. In
this example, the transition between the FEP and SP is at ≈ 0.26
kyr and ≈ 0.3 kyr for Type Ia and Type II respectively where an
energy of 1 PeV is reached. A density n0 = 1 cm−3 is assumed
for the ISM. The horizontal black line shows the 1 PeV threshold.
3 RESULTS & DISCUSSION
We adopt the definition of pevatron for a SNR accelerating
PeV particles, i.e. Emax > 1 PeV, and will investigate the
number of pevatron detectable by current generation instru-
ments, though, as stressed in Sec.1, their detection does not
directly imply that they can be identified as pevatron.
We start by assuming that the position of the knee is 1
PeV and by computing the number of simulated pevatrons
with an integral flux for photons of energy greater than 1
TeV above 1% that of the Crab Nebula (Aharonian et al.
2006). This sensitivity is typically reached for pointed obser-
vations in ≈ 25 hours with H.E.S.S. (Aharonian et al. 2006),
and here is taken as a reference value for the performances
of current gamma-ray telescopes in the TeV range. In Fig. 2,
the number of pevatrons is plotted as a function of α (the
assumed slope of the CR spectrum at SNR shocks) for the
entire sky and for a region comparable to the one observed
during the H.E.S.S. Galactic plane survey: 260◦ < l < 70◦,
|b| < 3◦ (Donath et al. 2017). For hard spectra (α = 4.1)
the mean number of simulated pevatrons detectable by the
H.E.S.S. GPS is 3.1, for 5.5 in the entire sky. For steeper
spectra α = 4.4, the number of detections is 1.7 and 0.7 for
the H.E.S.S. GPS and the entire sky, respectively. However,
within one standard deviation (shaded regions in Fig. 2) re-
sults are compatible with no detections. In this sense, for
a knee at 1 PeV, our results account for the possibility of
detecting a few pevatrons, or none, depending simply on
the slope of particles accelerated at the shock, and on large
fluctuations between different realizations of the Galaxy. In
other words, even in the optimistic scenario where we hy-
pothesize that every SNR accelerates PeV particle at the
transition between the SP and the FEP, there is a reason-
able situation in which no pevatron can be detected during
the H.E.S.S. GPS.
Much more promising results are obtained if the value of
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Figure 2. Number of pevatrons with integral flux above 1 TeV
greater than 1% of the Crab, as a function of slope of particles
accelerated at the shock α. The red (solid) line corresponds to the
entire sky. The blue (dashed) line corresponds to a region 260◦ <
l < 70◦, |b| < 3◦. The shaded area corresponds to +/- 1 standard
deviation to the mean. We assume a maximum energy reaching
1 PeV at the transition between the SP and FEP.
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Figure 3. Number of pevatrons with integral flux above 1 TeV
greater than 1% of the Crab (green solid curve), as a function of
slope of particles accelerated at the shock α. The red (solid) line
corresponds to the entire sky. The blue (dashed) line corresponds
to a region 260◦ < l < 70◦, |b| < 3◦. The shaded area corresponds
to +/- 1 standard deviation to the mean. We assume a maximum
energy reaching 1 PeV at the transition between the SP and FEP.
The number of Type Ia progenitors is represented (black dotted
line, HESS GPS).
Emax at the transition between the FEP and the SP is 3 PeV
(green solid curve in Fig. 3). This value is in agreement
with the position of the knee reported by the KASCADE
Collaboration (Antoni et al. 2005). The mean number of
detections in the H.E.S.S. GPS goes from ≈ 4.8+2.2−4.8 to ≈ 1+1−1
for α in the range [4.1 - 4.4]. For the entire sky, these number
become ≈ 9.9+2.1−4.9 and ≈ 2.3+0.7−2.3, respectively.
Regardless of the value of α, the majority of the simu-
c© RAS, MNRAS 000, 1–8
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lated pevatrons detectable in TeV gamma rays come from
core–collapse progenitors (> 80%), as illustrated by the
black dotted line of Fig. 3 (referring to the H.E.S.S. GPS).
This can be explained by two elements. First, Type II su-
pernovae are the most abundant class (we assume here that
≈ 70% of SNR come from Type II supernovae). Second,
shocks from core–collapse supernovae expands in a struc-
tured medium: starting in a dense wind, they then reach
a low density cavity inflated by the wind (Weaver et al.
1977). The density of the unperturbed ISM fixes the den-
sity of the low-density bubble, therefore fixing the typical
radius at which the transition from the dense wind to the
low-density bubble happens. For the set of parameters as-
sumed in this paper, SNRs from Type II progenitors which
are in the pevatron phase are all young enough to be still
contained within the dense wind. The wind density is typi-
cally scaling as (Ptuskin & Zirakashvili 2005):
nwind ≈ 2.2 M˙−5
uw,6
(
R
parsec
)−2
cm−3, (1)
where uw,6 is the wind velocity in units of 10
6cm/s, M˙−5
the mass loss rate in units of 10−5 M/yr and R the ra-
dius. This wind density profiles extends up to a radius rw,
where the density becomes significantly lower, of the order
∼ 10−2 cm−3. rw can be estimated by equating the wind ram
pressure to the thermal pressure of the bubble interior (e.g.
Cristofari et al. 2017):
rw ≈ 0.9
(
M˙−5uw,6
)1/2 ( n0
cm−3
)−19/35
pc (2)
Eq. 1 shows that the density profile of the wind does not
depend on the location or the associated ambient ISM den-
sity, whereas for a Type Ia progenitor, the ambient density
n0 changes with the Galactic location and typically takes
values in the range ∼ 0.1 − 1 cm−3. Because the gamma–
ray luminosity is directly proportional to the density, we can
therefore understand why the Type II population is domi-
nant.
For each simulated pevatron, we can compute the
gamma-ray spectrum from pion decay and inverse Comp-
ton scattering of primary electrons accelerated at the shock,
as described in Cristofari et al. (2013, 2017). In Fig. 4,
the typical spectrum of a SNR pevatron is presented for
a type II supernova progenitor, Eknee = 3 PeV, and for a
distance of 7 kpc. We consider an electron–to–proton ra-
tio Kep = 10
−2 (upper dashed curves) and Kep = 10−5
(lower dashed curves). For Kep = 10
−2 we remark that in
the TeV range the average fluxes from inverse Compton scat-
tering and from pion decay are of the same order, while for
Kep = 10
−5 the hadronic emission largely dominates. The
uncertainty in the determination of the parameter Kep im-
plies that it is in general not trivial to ascribe the observed
gamma-ray emission to hadronic or leptonic interactions.
Remarkably, in the multi–TeV range the situation becomes
unambiguous. This is because, independently on the value
of Kep, the gamma-ray emission is always largely dominated
by the hadronic contribution. A change in the exact value
of Emax at the transition between the SP and FE phase do
not significantly affects these considerations, as long as Emax
remain within the PeV energy domain.
We additionally compute the spectrum of the popu-
lation of secondary electrons and positrons produced from
proton–proton interactions (charged pion decay), and com-
pute the associated synchrotron emission. Secondary elec-
trons and positrons are computed following the approach
of Kelner et al. (2006), and their spectrum is obtained un-
der the assumption of fast cooling. The fast cooling regime
is only valid as long as the synchrotron loss time is shorter
than the age of the SNR. We can estimate the minimum en-
ergy of electrons satisfying this condition Ee,min by equating
the age of the considered SNR (∼ 0.2 kyr for the SNR rep-
resented in Fig. 4) to the synchrotron loss time:
τsync ≈ 1.3
(
B
100µG
)−2(
E
TeV
)−1
kyr (3)
where E is the energy of the secondaries and B the magnetic
field. The energy of synchrotron photons emitted scales as
∝ B × E2e , and we can estimate the minimum energy of
synchrotron photons Esync,min:
Esync,min ≈ 1.7
(
tage
kyr
)−2(
B
100µG
)−3
eV (4)
For the SNRs considered in our work, of typical age tage ≈
0.1 kyr and magnetic field ∼ 100µG, Esync,min ≈ 0.17 keV,
illustrating that our approach is typically only valid in the
entire X-ray donaim. The synchrotron emission from sec-
ondaries corresponds to the lowest possible X–ray flux ex-
pected by a SNR pevatron. Thus, a SNR pevatron whose
gamma-ray emission is within the reach of H.E.S.S. should
also unavoidably exhibit an X-ray flux roughly at the level of
& 10−14 erg/cm2/s. In fast cooling regime, the ratio between
the gamma-ray hadronic emission and the X-ray synchrotron
emission from secondary electrons is a constant, and thus
brigther gamma-ray SNR pevatrons would also emit a pro-
portionally larger X-ray synchrotron flux from secondaries.
Let us now investigate the observable properties of a
typical pevatron candidate: the integrated flux, the slope of
the gamma–ray spectrum and the angular size of the typi-
cal sources. In Fig. 5 are plotted the distributions of integral
fluxes of PeVatrons for photons of energy greater than 1 TeV
and 10 TeV (left and right panel, respectively). For these his-
tograms, we consider a slope α = 4.25 and Kep = 10
−2, and
we represent the populations from Type Ia progenitors (blue
filled curve), Type II progenitors (yellow hatched curve),
and the sum of both (black solid line).The vertical red
lines represent the typical sensitivities reached by H.E.S.S.
(GPS, Donath et al. 2017), HAWC (5-years Abeysekara et
al. 2013), and CTA (mCrab level, expected for the survey of
the Galactic plane, Cherenkov Telescope Array Consortium
et al. 2017). The distribution is centered around a median
value F(> 1 TeV) ≈ 5 × 10−13 cm−2 s−1 for the Type II
progenitor and F(> 1 TeV) ≈ 5× 10−15 cm−2 s−1 for Type
Ia, and F(> 1 TeV) ≈ 5×10−13 cm−2 s−1 for the entire pop-
ulation. Current H.E.S.S.–like TeV instruments can reach a
typical sensitivity of 1% of the crab, ≈ 2−3 10−13 cm−2 s−1
therefore roughly suggesting they could potentially detect
above 1 TeV a fourth of the entire pevatron population,
mostly from core–collapse progenitors. The problem here is
that, for values of Kep not much smaller than ≈ 10−2, the
leptonic emission is expected to contribute as much as the
hadronic one to the total gamma-ray emission. However, as
shown in Fig. 4, the origin of the gamma-ray emission is un-
ambiguously hadronic if we consider photon energies above
∼ 10 TeV.
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Figure 4. Differential spectra of a typical pevatron, from Type II progenitor, of age ≈ 0.2 kyr and located at a distance ≈ 7 kpc. Emax
at the transition between the SP and the FEP is fixed at 3 PeV. Kep = 10−2. The thick, medium, and thin lines correspond to α equal
to 4.1, 4.25 and 4.4, respectively.
For this reason, in the right panel of Fig. 5 we show
the distribution of integral fluxes of pevatrons for pho-
ton energies above 10 TeV. The two types of supernovae
account for two maxima centered around F(> 10 TeV)
≈ 10−16 cm−2 s−1 and F(> 10 TeV) ≈ 10−14 cm−2 s−1
for Type Ia and Type II progenitors, respectively. Typical
sensitivity of H.E.S.S reaches ≈ 3 × 10−14 cm−2 s−1, sug-
gesting, as above 1 TeV, a potential detection of a fourth of
the simulated pevatrons.
Remarkably, one can see from Fig. 5 that the detection
potential for HAWC is better than that of H.E.S.S. at 10
TeV, and that the sensitivity of CTA is large enough to
probe a third of the pevatron population.
We now comment on the spectral indices of the dif-
ferential gamma–ray spectra of the simulated pevatrons.
Fig. 6 shows the distribution of indices at 1 TeV (left panel)
and 10 TeV (right panel), for Kep = 10
−2. The popu-
lation from Type II progenitors and hadronic dominated
emission accounts for the harder spectra with median in-
dices Γ(1 TeV) ≈ 2.3 − 2.4 and Γ(10 TeV) ≈ 2.3. Type
Ia progenitors lead to steeper spectra with median values
Γ(1 TeV) ≈ 2.6 and Γ(10 TeV) ≈ 2.7 and more distributed
values. The pevatrons whose gamma–ray emission is domi-
nated by leptonic mechanisms are mostly from Type Ia pro-
genitors with a median index Γ(1 TeV) = 2.6. At photon
energies of 10 TeV the histogram is very peaked because the
emission is in the large majority of cases purely hadronic and
thus the slope of the gamma-ray spectrum reflects the slope
of the parent proton spectrum. The plot has been produced
under the assumption that all SNRs accelerate proton spec-
tra of identical slope α = 4.25. A dispersion in the value of
α would obviously result in a broadening of the histograms.
Another important observable is the angular extension
of the gamma-ray emission. For the scenario considered in
this paper, the simulated pevatrons are all quite young (∼
few hundred years old) SNRs. As a consequence, the ra-
dius of the SNR shell is expected to be not very large (pc
scale). The median apparent angular size of the detectable
pevatrons is found to be equal to 0.8 arcmin, and over 95%
of sources are under 6 arcmin. In the TeV range, this cor-
responds to the typical PSF of current instruments, and
therefore virtually all of the potentially detectable SNR Pe-
Vatrons will be point–like, or very marginally extended.
To conclude, we comment on the cases of two young and
very well–studied SNRs detected in the TeV range: Cassiop-
pea A (Ahnen et al. 2017; Krause et al. 2008; Kumar et al.
2015) and Tycho (Acciari et al. 2011; Archambault et al.
2017), of age ≈ 450 years and ≈ 350 years. Recent observa-
tions of these SNRs seem to suggest that they are not peva-
trons at the moment. In the case of Tycho, from a Type Ia
progenitor this is in fact quite in agreement with our results
where only ≈ 0.10 of the pevatrons are from thermonuclear
supernovae. In the case of Cassioppea A, this could be be-
cause of the very peculiar Type of the progenitor (type IIb).
This rare Type of progenitor, supposed to account for less
than 4% of all supernovae (Ptuskin et al. 2010), releases a
remarkably large total explosion energy of the order of sev-
eral times 1051 erg and is surrounded by an extremely dense
wind. The peculiarity of such object might explain why Cas
A does not seem to fit with the general scenario described
here, where such objects are not taken into account. In other
words, our results can be seen as compatible with the fact
that these SNRs are not active pevatrons at the present
time.
4 CONCLUSIONS
We have investigated the characteristics of the pevatron
population using simulations of the Galactic population of
SNRs. As a working hypopthesis, we assumed that Galactic
SNRs are the sources of Galactic CRs up to PeV particle
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Figure 5. Integral gamma–ray flux of simulated pevatrons for photons of energy greater than 1 TeV (left panel) and 10 TeV (right
panel). The populations from Type Ia and Type II progenitors are represented in blue (filled) and yellow (hatched), respectively. The
black (solid) curve corresponds to the sum. Vertical lines correspond to typical sensitivities of H.E.S.S (solid), HAWC (dashed) and CTA
(dotted) achieved during their respective Galactic plane surveys.
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Figure 6. Gamma–ray spectral indices of simulated pevatrons for photons of energy greater than 1 TeV (left panel) and 10 TeV (right
panel). The populations from Type Ia and Type II progenitors are represented in blue (filled) and yellow (hatched), respectively. The
star shaded area corresponds to the leptonic The black (solid) curve corresponds to the sum.
energies. In order to reproduce the observed position of the
CR proton knee in the CR spectrum, the acceleration of PeV
particles has to take place at the transition between the free-
expansion and Sedov phases of the SNR evoluiton. We then
used Monte Carlo methods to simulate the time and loca-
tion of SNRs in the Galaxy, and compute their gamma–ray
emission in the TeV and multi-TeV energy range.
In the most optimistic case, i.e. Eknee = 3 PeV, the
mean number of expected detections for the typical sensitiv-
ity of current instruments operating in the TeV range (we
adopted here the sensitivity of H.E.S.S.) are found to be in
the range . 10 for the whole sky, the exact value depending
on the value of the slope of accelerated particles assumed at
the shock. The value of ≈ 10 detection is obtained for a hard
spectrum of accelerated particles equal to α = 4.1, while for
spectra steeper than α = 4.3 one could expect either few
detections or no detections, depending on the exact (and a
priori unknown) location of SNR pevatrons in the Galaxy.
These numbers are roughly reduced by a factor of ≈2 if
we restrict our analysis to the region of sky covered by the
GPS of H.E.S.S. 260◦ < l < 70◦, |b| < 3◦. In a more pes-
simistic scenario where Eknee = 1 PeV the expected number
of detections is at most a few, and compatible within one
standard deviation with no detections.
The unambiguous smoking gun of proton acceleration
up to the PeV domain is the detection of an unattenuated
gamma-ray emission extending up to the multi-TeV domain
(e.g. Gabici & Aharonian 2007). The presence or absence
c© RAS, MNRAS 000, 1–8
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of a cutoff in the multi-TeV gamma ray spectrum can be
revealed only for bright sources, such as the one recently
detected in the Galactic centre region (HESS Collaboration
et al. 2016). In most cases, the gamma-ray fluxes predicted
in this paper for SNR pevatrons are not bright enough to
allow to identify such objects as PeV particle accelerators.
However, the study presented here demonstrates that, at
least in the most optimistic scenario, current instruments
might have already detectet several SNR pevatrons. Future
instruments, in particular the Cherenkov Telescope Array,
will increase the number of such detections and will pro-
vide us with high quality spectra in the multi-TeV domain
which are the essential observable in order to identify CR
pevatrons. We showed in this paper that, if SNRs are the
sources of Galactic CRs up to the knee, the search for PeV
particle acceleration should be concentrated onto point-like
or marginally extended sources showing an indication for
a hard spectrum at & 10 TeV photon energies. As associ-
ated synchrotron X-ray flux from secondary electrons must
also be present, and provides a lower limit on the observed
X-ray emission from SNR pevatrons at the level of & 10−14
erg/cm2/s for objects whose gamma-ray flux is large enough
to be detected by H.E.S.S.
In a future study, we aim at confronting the re-
sults of our simulations with the actual catalog of known
SNRs (Popkow et al. 2015; Acero et al. 2016; Abeysekara
et al. 2017; H. E. S. S. Collaboration et al. 2018), also con-
sidering the objects not detected in the very–high–energy
range, and considering the unidentified objects, in order to
identify promising pevatron candidates and orient future ob-
servations.
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